The population of binary and millisecond pulsars in the disk of our Galaxy is thought to have two main formation mechanisms (1) . Most pulsars with spin periods of tens of milliseconds have neutron star (NS) companions in orbits of high eccentricity caused by the near disruption of the system by a supernova explosion. In contrast, pulsars with spin periods less than about 10 ms (i.e. "millisecond pulsars" or MSPs) have white dwarf (WD) companions in orbits made highly circular (orbital eccentricities e < 0.001) by tidal effects during the recycling process. The combination of rapid spin rates and circular orbits is considered vital evidence that MSPs achieve their short periods via accretion of mass and angular momentum from binary companion stars (2) . Here we report the discovery of an unprecedented MSP that requires a different formation mechanism and whose potentially large mass may play an important role in constraining the equation of state of matter at supra-nuclear density (3).
Discovery and Follow-up Observations
We are conducting a pulsar survey of the Galactic plane using the Arecibo L-band Feed Array (ALFA) receiver on the 305-m Arecibo radio telescope in Puerto Rico (4) . The large collecting area of Arecibo, the rapid sampling rate (every 64 µs), and the high spectral resolution (256 channels over 100 MHz, which minimizes the dispersive smearing due to free electrons along the line of sight) provides sensitivity to MSPs over a much larger volume of the Galactic disk than any previous pulsar survey. The 2.15 -ms pulsar J1903+0327 was discovered using a search pipeline based on the PRESTO suite of pulsar analysis software (5, 6) . It was detected as a highly significant signal with a large dispersion measure (DM) of 297 pc cm −3 in data taken in October 2005. Follow-up timing observations using Arecibo, the Green Bank Telescope, and the Westerbork Synthesis Radio
Telescope revealed the binary orbit of the pulsar to be highly eccentric ( Fig. 1) . The Keplerian orbital parameters give a minimum companion mass of 0.85−1.07 M ⊙ (for pulsar masses of 1.3−1.9 M ⊙ ). Additional constraints come from the extensive timing of the pulsar, including a general relativistic interpretation of the measurement of the advance of periastron,ω, and a detection of the Shapiro delay. As described in the supplementary online material, and in the caption to Table 1 , the best model fit to the pulse times of arrival indicates that the companion has a mass of 1.051(15) M ⊙ and that the pulsar has a mass of 1.74(4) M ⊙ . It should be noted that these masses are based on ∼1.5 years of timing data which cannot yet include parameters such as proper motion which can affect the mass measurements. While the pulsar mass is significantly more massive than the 1.25−1.45 M ⊙ seen in most double neutron star (DNS) systems (1) it is comparable to the inferred masses of several recently detected pulsars in eccentric binaries in globular clusters (7, 8, 9) , at least one other Galactic MSP (10) , and the X-ray pulsar Vela X-1 (11) . If the large pulsar mass is confirmed in future observations, it will constrain the equation of state of matter at supra-nuclear density and potentially rule-out certain 'soft' equations of state (3) . The companion mass is compatible with those of a NS, WD, or main-sequence (MS) companion. Although the spin parameters of PSR J1903+0327 (Table 1) resemble those of other Galactic disk MSPs, the pulsar is clearly distinct when orbital eccentricity is compared as well (Fig. 2) . Further details of the search pipeline, follow-up observations, and the timing analysis are provided in the supporting online material.
Given the possibility that the companion could be a NS, and potentially a pulsar, we searched for pulsations from the companion using several of the Arecibo observations, but found none.
These null results set an upper limit on pulsed emission at 1.4 GHz of ∼20 µJy for a period of 2 ms and ∼9 µJy for a period of 200 ms assuming a pulse duty cycle of 30% of the pulse period.
To search for a MS companion, we obtained images of the pulsar field with the Gemini North telescope on July 24, 2007. The total exposure times were 10 min in the infrared J, H and K S bands (1.27, 1.67 and 2.22 µm, respectively). After calibrating the astrometry and photometry of the images against the 2MASS catalog, we find a single star within the 0.13 ′′ 1-σ frame-tie error circle at the position of the pulsar (Fig. 3) . It has J = 19.22(9) , H = 18.41(10) and 18.03(9) magnitudes. Given the density of stars in this field, we estimate the probability of finding a star in the error circle by chance is 2.6%. Using MS star models (12) and estimating the reddening with red clump stars (13) at the ∼6.4 kpc distance inferred from the pulsar's DM (14) , we find that a 0.9 M ⊙ star of age 10 Gyr would have similar magnitudes to those observed.
The uncertainties in the distance and reddening measurements also allow for a 1.05 M ⊙ star of age 1-5 Gyr making it possible that this (likely) MS star is a companion to PSR J1903+0327.
If the MS star is the pulsar's binary companion, ionized stellar winds might be detected as increases in the measured DM or as an eclipse of the pulsed flux when the companion passes between the pulsar and Earth. From multi-frequency observations around the orbit, we find no evidence of an eclipse, and we limit any additional DM contribution to <0.02 pc cm −3 . If the companion of PSR J1903+0327 is a ∼1 M ⊙ main-sequence star with Solar-like winds, we would expect an additional DM contribution of order 10 −3 pc cm −3 near conjunction (15) .
Strong irradiation of the companion by the pulsar's relativistic wind, however, could lead to a substantially larger mass loss. Our DM variation limit argues against such a large mass loss.
For a system like PSR J1903+0327, a rotationally induced quadrupole moment in the companion could cause a classical periastron advance (16) These numbers suggest that the measuredω is dominated by general relativistic effects and,
given the high quality of the fit, that the use of the relativistic timing model is well justified.
Formation Mechanisms
What is the origin of this unique system with a short spin period, large orbital eccentricity, and possible MS companion? According to conventional evolutionary scenarios (1), binary pulsars that have been recycled down to millisecond periods should always appear in circularized orbits.
In contrast, pulsars in eccentric systems should be only mildly recycled or not recycled at all.
Since PSR J1903+0327 does not fall into either of these broad categories, we consider three alternative scenarios. The first is that the pulsar was not recycled but was born spinning rapidly in an eccentric orbit at the time the NS was created. The second has the pulsar recycled in a globular cluster and then ejected into the Galactic disk. The third has the pulsar recycled in a hierarchical triple system. This collapse may be able to produce the observed orbital parameters, but the large observed pulsar mass would require the collapsing WD to be well above the Chandrasekhar mass, and would also suggest that the companion should be evolved.
Globular clusters (GCs) are known to be efficient producers of MSPs, including those in eccentric binaries, due to interactions between NSs and other stars or binaries in their high density cores. Of the ∼130 known GC pulsars (23), more than 10% are in highly eccentric (e > 0.2) orbits. These numbers, combined with the known populations of NSs in GCs and the Galaxy, and the respective masses of GCs and the Galaxy, imply that GCs produce eccentric binary pulsars at least 1000 times more efficiently per unit mass than the Galactic disk. Further-more, stellar interactions and exchanges can provide MS companions for MSPs, although those companions should be less massive than the most evolved MS stars currently observed in GCs
Although GCs seem a natural formation ground for PSR J1903+0327, there is no known GC located near PSR J1903+0327 on the sky, nor is there any evidence for an unknown cluster in the 2MASS catalog (24), the Spitzer GLIMPSE survey data (25) , or in our Gemini observa-
tions. An intriguing possibility is that PSR J1903+0327 was formed in the core of a GC and then ejected from the cluster, possibly in the same interaction that induced the orbital eccentricity we observe today. This would have to have occurred sometime within the last ∼1−2 Gyr
within the characteristic age of the MSP). Detailed simulations of NS interactions in GCs
have shown that up to ∼50% of recycled NSs are ejected within the ∼10 Gyr lifetimes of the GCs (26) . Once the pulsar has left the cluster it drifts far away from its parent cluster on 10 8 −10 9 year timescales. Alternatively, the cluster could have been disrupted during orbital passages through the Galactic disk and bulge within the past ∼1 Gyr (27) . Rough estimates based on the masses and densities of the GC system and the Galactic disk suggest (see the supporting online material) a 1−10% chance that PSR J1903+0327 originated in a GC. The characteristic age of the pulsar is perhaps the biggest challenge for a GC explanation as it requires that the newly-made MSP had one or more violent interactions which replaced the star that recycled the NS, and then was displaced enough from the GC such that the GC is no longer visible to us, all within ∼2 Gyr.
In a third formation scenario PSR J1903+0327 is part of a primordial hierarchical triple system. In such a system the inner binary evolves normally. In this case the secondary the secondary mass likely needs to be quite fine-tuned to to produce a highly-recycled massive MSP while still producing a high-mass (0.9−1.1 M ⊙ ) WD in a wide circular orbit, although no such borderline systems have been observed to date. In this scenario the WD is the companion seen in the timing. The third star in the system, now the MS star that we detect as the infrared counterpart, is in a much wider and highly inclined orbit around the inner binary. Secular perturbations in such a system can cause large oscillations of the inner-binary eccentricity and the outer-orbit inclination (so-called Kozai cycles) (28) . Especially for a cycle period resonant with the inner-binary relativistic periastron advance at ∼ 2×10 6 yrs, a 0.9 M ⊙ MS star ∼120 AU out in a highly-inclined ∼ 700 yr orbit can induce large inner-binary eccentricities (29) . Initial estimates (see the supporting online material) for the formation and survival probability of such a triple system suggest that a few percent of observed NS-WD binaries could be members of hierarchical triples. As such, it seems plausible that after finding ∼50 pulsar-WD binaries, we have now found the first in an hierarchical stellar triple.
A related scenario that avoids the need for formation of both a fully recycled MSP and a high-mass WD companion (which has never been observed before) has PSR J1903+0327 recycled as part of a compact inner binary in a hierarchical triple, in a configuration as recently suggested for 4U 2129+47 (30). The MSP then ablated away its WD companion and was left in a 95-day eccentric orbit around the MS star we now observe.
Further observations of PSR J1903+0327 will allow us to decide between these (or other) formation scenarios. A measurement of a large projected space velocity (>100-200 km s −1 ), via long-term timing or Very Long Baseline Interferometry astrometry, might reflect a cluster origin given the high velocities of most GCs. Spectroscopic observations of the MS star will reveal its spectral type and metallicity, both possible indicators for or against a GC origin, and will show whether it exhibits the 95-day orbital motion of the pulsar. If the star is the companion, the radial-velocity curve will further constrain the masses of both the pulsar and the companion.
Additionally, if the MS companion is confirmed to be more massive than ∼1 M ⊙ , it will likely rule out a GC origin as MS stars of that mass in clusters have already left the MS. Finally, long-term and higher-precision timing of the pulsar will dramatically improve the relativistic parameters of the system (and therefore the derived masses) and will reveal secular changes in the spin and orbital parameters caused by the presence of a third star or by classical effects from the rotation of a MS companion. The timing parameters were measured using the DE405 Solar System ephemerides (31) and the "DDGR" timing model which assumes that general relativity fully describes the parameters of the binary system (32). A total of 342 pulse arrival times measured between MJDs 53990 and 54568 were fit. The numbers in parentheses are twice the TEMPO-reported 1-σ uncertainties in the least significant digit or digits quoted as determined by a bootstrap error analysis. The distance is inferred from the NE2001 free electron density model (14) . Ensemble distance measurements using this model have an estimated error of 25%, although errors for individual pulsars may be larger. Residual pulse arrival times as a function of orbital phase (mean anomaly) for PSR J1903+0327 after subtraction of the best-fit timing model. The timing residuals are from observations made with the Arecibo telescope (blue circles), the Westerbork Synthesis Radio Telescope (red triangles), and the Green Bank Telescope (green crosses), and are defined as observed minus model. Top The measured timing residuals if no orbit is accounted for. The resulting curve is the Roemer delay (i.e. the light-travel time across the orbit) and its non-sinusoidal shape shows the large eccentricity (e = 0.44) of PSR J1903+0327. The uncertainties on the data points would be the same as in the lower panels but the scale is different by a factor of 10 6 . Middle The same residuals as in the top panel but with the Roemer delay and all general relativistic delays except for Shapiro delay from the timing solution in Table 1 removed. Bottom The timing residuals for the full "DDGR" timing model described in Table 1 which assumes that general relativity fully describes the parameters of the binary system (32). The weighted root-mean-square timing residual shown here is 1.9 µs. Figure 2 : Rotation periods, period derivatives, and orbital eccentricities (for binary pulsars) of pulsars in the disk of the Galaxy. The bottom face of the cube shows a plot of rotation period versus rotation period derivative for all Galactic pulsars. Colored points show the binary pulsars, projected upward from the bottom face in proportion to their orbital eccentricities. Square blue points are double neutron star systems, triangular green points are pulsars with main-sequence or massive companions, circular yellow points are pulsars with white dwarf or sub-dwarf companions, and the red star is PSR J1903+0327, which occupies a unique place in the diagram. ′′ 32 (produced by the frame-tie uncertaities in right ascension and declination), for the position of the pulsar based on astrometric calibrations made with the 2MASS catalog. The star within the error circle is the possible main-sequence companion to the pulsar.
Materials and methods
In the following, we describe several details of the discovery and follow-up observations of PSR J1903+0327 as well as statistical arguments relating to origin in a globular cluster or a triple star system.
Discovery
The survey (S1) collects data during 5-min pointings for each of seven positions on the sky using the Arecibo L-band Feed Array (ALFA) receiver and digital spectrometers covering 100-MHz of bandwidth centered at 1400 MHz. The recorded data have 256 frequency channels and a time resolution of 64 µs. We initially detected PSR J1903+0327 in September 2006 using a search pipeline based on the PRESTO suite of pulsar analysis software (S2, S3). The basic steps of the pipeline are similar to those of the "quicklook pipeline" (S1), except that we process the data at full resolution in both time and radio frequency, we perform extensive radio-frequency interference excision in the time and frequency domains, and we look specifically for compact binary pulsars using linear "acceleration" searches (S4). To remove the dispersive effects of the interstellar medium, the data were first dedispersed for 1272 trial dispersion measures (DMs) between 0−1003 pc cm −3 . The DM trial values are spaced such that the pulse smearing due to interstellar dispersion is <1 ms for all DMs <600 pc cm −3 , thereby giving us unprecedented sensitivity to millisecond pulsars (MSPs) in the disk of our Galaxy. We conduct standard periodicity and acceleration searches by taking the Fast Fourier Transform (FFT) of each dedispersed time series using incoherent harmonic summing of up to 16 harmonics. In addition, single-pulse searches of the data were carried out which were sensitive to transient events in the time domain with widths in the range 64 µs to 0.1 s
Timing
Once a pulsar is discovered it is characterized by its position, spin parameters and any orbital parameters. Using the search data these parameters are poorly constrained, but they can be measured to much greater levels of precision by fitting a timing model of the pulsar's rotation to the data. Integer numbers of pulsar rotations are fitted between the times-of-arrival of the observed pulses; in such a "phase connected solution" every rotation of the pulsar is accounted for. The timing model parameters shown in Table 1 the delay should have an amplitude of tens of µs, an order of magnitude larger than our arrival time measurement precision, even though most of that signal will be covariant with the projected semi-major axis, a sin i. Using the "DDGR" model (S7, S8) , which assumes that general relativity correctly describes the dynamics of the system with Keplerian orbit parameters plus the total system mass M tot and the mass of the companion star M 2 , the fit is further improved (reduced-χ 2 = 1.13 for 325 DOF) and results in no visible systematics in the residuals (Fig. 1) .
In Fig. S1 , we show a χ 2 contour map of the mass constraints from the DDGR model.
In order to confirm that this timing is consistent with general relativity, the "DD" model (S9, S8), a theory independent relativistic description of the orbital parameters, was used separately fitting for the orbital periastron advance, the companion mass and sine of the inclination angle (sini). In this fit (reduced-χ 2 = 1.12 for 324 DOF) all of the post-Keplerian parameters which are not specific to general relativity are consistent with the parameters from the general relativity specific DDGR model at the 1-2 σ level. The timing model parameters for the DD model are show in Table S1 .
Search for a pulsar companion
Given the possibility that this is a double neutron star system, and that the companion is potentially a pulsar, we searched for pulsations from the companion using several of the early observations of the system taken at Arecibo. As well as searching each observation independently, we summed power spectra from the individual observations to increase sensitivity. We dedispersed each observation at the known DM of PSR J1903+0327. We then removed the deleterious orbital effects of the system prior to incoherently summing the power spectra from FFTs. The orbital accelerations were calculated and removed by noting that the orbital period and eccentricity of the companion's orbit are the same as for PSR J1903+0327, but the longitude of periastron is different by 180
• . The only unknown parameter in this calculation is the ratio of the semi-major axes of the pulsar and companion which is the inverse of the ratio of their masses. A search over a series of trial projected semi-major axes for the companion was therefore used, ranging from 60 to 185 light-seconds. This encompasses the range of wellmeasured neutron star masses (S10). Finally the summed FFT was searched for candidates using the techniques described above. The search yielded no significant candidates.
We set an upper limit on pulsed emission at 1.4 GHz of 20 µJy for a period of 2 ms and 9 µJy for a period of 200 ms, both at a DM of 297 pc cm −3 . These upper limits correspond to 1.4 GHz radio luminosities of 0.8 and 0.4 mJy kpc 2 respectively. Only two percent of all radio pulsars currently known have luminosities below the latter value. Our non-detection therefore excludes most of the observable radio pulsar population as a companion, but does not of course rule out a neutron star that is unfavorably beamed away from our line of sight or rotating too slowly to be observed as a pulsar.
Optical and infra-red analysis
The field of PSR J1903+0327 was observed with the Near InfraRed Imager (NIRI) on the Gemini North telescope on July 24, 2007. Dithered series of 6 second exposures were obtained in the J, H and K S filters, amounting to a total exposure time of 10 minutes in each filter. All images were corrected for dark current and flatfielded using skyflats. The non-uniform sky distribution was removed by substracting a sky frame constructed of the unregistered science images to remove the contributions of stars. After these corrections, the images taken with the same filter were registered and averaged.
Astrometry was done relative to the 2MASS catalogue (S11), as the small field of view of NIRI (2 ′ × 2 ′ ) contains no astrometric standards from the UCAC2 catalogue (S12) Photometry was also done relative to the 2MASS catalogue. Magnitude offsets were determined and outliers were iteratively removed, leaving 30 to 40 stars for the photometric calibration. The calibrations showed no significant dependence with star color. We find that the object in the error circle has J = 19.22(9) , H = 18.41(10) and K S = 18.03(9) .
To estimate the reddening towards PSR J1903+0327, we used red clump stars to trace the reddening as a function of distance (S13). Again using the 2MASS catalogue, we selected 1400 stars within 5 ′ from PSR J1903+0327 and determined the J −K S colour of the red clump stars at different K S magnitudes using the formalism of (S14). At the DM-distance of PSR J1903+0327, .4(16) kpc (assuming a 25% uncertainty), we constrain the reddening at A V = 4.9(11) .
For this distance and reddening, the intrinsic magnitudes of the star inside the error circle are 3.8(11) , M H = 3.5(10) and M K S = 3.5(10) .
Though the metallicity and age of the star are unknown, stars of solar metallicity, ages of 1 Gyr or less and masses between approximately 0.8 and 1.3 M ⊙ will have similar absolute magnitudes (S15). Stars older than 1 Gyr will have evolved and will match the absolute magnitudes for lower masses. At 10 Gyr and solar metallicity the mass range decreases to approximately 0.75 to 1.1 M ⊙ . For a mass of 1.05 M ⊙ as determined from the radio timing, a solar metallicity star will match the observed absolute magnitudes if the age is less than 6 Gyr.
At the apparent magnitudes, the star is bright enough for optical or infrared spectroscopy to determine radial velocity variations which would unambiguously confirm the star as the binary companion to PSR J1903+0327.
Globular cluster calculations
While PSR J1903+0327 is unprecedented in the Galactic plane several MSPs in eccentric binaries have been seen in globular clusters (GCs). GCs are known to be excellent breeding grounds for MSPs, with formation rates per unit mass ∼100 times that in the disk (S16, S17).
PSR J1903+0327 may have formed in a GC which was later disrupted, or escaped from an existing GC ∼ 10 9 yr ago such that they are no longer in the same part of the sky. Many GCs may have been completely disrupted via gravitational interactions with the disk and bulge over the course of many orbits in the Galactic potential. As a result, their stars become part of the Galactic spheroid population (an approximately spherical distribution of older stars distributed in an extension of the central Galactic bulge, with a diameter of ∼10 kpc). Estimates suggest that over half the spheroid mass could have come from such disrupted GCs (S18). Such disruption should require several Galactic orbits of the GC, the periods of which are ∼0.5−1.0
Gyr. However, in the particular case of PSR J1903+0327, we are constrained by the relatively small characteristic age of the system. Since a characteristic age is usually an upper limit on the true age of a radio pulsar (S4), any model involving GC disruption requires a recycled pulsar to exchange its companion and acquire an eccentric orbit and its parent GC to then be totally disrupted in less than ∼2 Gyr. This is challenging given the orbital periods of GCs.
By comparing the densities of the spheroid and disk we can estimate the probability of PSR J1903+0327 being found in the disk but actually being associated with the spheroid population. Using estimates of the stellar densities at low Galactic latitudes of both the spheroid (S19) and disk (S20) populations, we find ρ spheroid /ρ disk = 4.7×10
Assuming that half of the spheroid mass originated in disrupted GCs, the < ∼ 2 Gyr age of PSR J1903+0327 implies that < ∼ 20% of that mass could have come from GCs disrupted since the recycling of the pulsar. Furthermore, if we assume that those GCs produced highly eccentric binary MSPs ∼10 3 times more efficiently per unit mass than the disk, we can crudely estimate that the probability that PSR J1903+0327 came from a disrupted GC is < ∼ 10%.
We can make a similar estimate of the probability that PSR J1903+0327 was ejected from a GC. The number of GC-ejected PSR J1903+0327-like systems should be roughly the ratio of the GC system mass (10 7 M ⊙ ) to the disk mass (10 11 M ⊙ ) times the 10 3 formation efficiency factor for highly eccentric binary MSPs times the ∼50% fraction of pulsars which are eventually ejected from GCs (S21). The resulting ∼5% probability again indicates that some GC formation mechanism for PSR J1903+0327 is plausible.
Hierarchical triple system calculations
Hierarchical stellar triple systems are common, and such a system may explain the eccentricity we observe in PSR J1903+0327. To date no pulsars have been found in other stellar triples.
Hierarchical triples contain an inner binary (in this case the MSP and the ∼1.05 M ⊙ companion seen in timing at the 95-day orbit) with a third object orbiting at greater distance (in this case, the main sequence star observed in the infra-red). Here we assess the plausibility of forming such an end state.
Constraints on the formation of the inner binary are: (i) to form a 2.15-ms MSP there must have been a long period of stable mass transfer to spin up the neutron star; (ii) to produce the wide 95-day orbit the white dwarf progenitor cannot be too massive, to avoid common-envelope (CE) evolution and spiral-in; (iii) the star must have been massive enough to leave a ∼1.05 M ⊙ white dwarf after final mass transfer (S22). We therefore consider an initial system containing a central binary formed by a 8 M ⊙ primary; a secondary that is just below CE mass, we shall here assume 3 M ⊙ ; and a 0.9 M ⊙ third star.
A survey of the multiplicity of massive stars in the Orion Nebula (S23) suggests that 80%
of spectroscopic binaries with OB-star primaries have a third visual companion. These systems must survive the supernova that creates the pulsar: the inner binary will remain bound given suitable mass-loss and kick parameters (S24). The outer companion can remain bound (S25) if its orbital velocity is comparable to the new system velocity of the inner binary (a few tens of km s −1 , (S26)). The multiplicity survey (S23) finds ∼5-10% of third companions are closein enough to remain bound in the supernova. The semi-major axis of this outer orbit may then increase as mass is lost from the system during the pulsar spin-up phase (S27). In this hierarchical triple the outer companion cannot unbind the inner binary, but its orbit evolves towards a Kozai-cycle resonance with the inner-binary relativistic periastron advance period (S28). Our above rough estimates of the various fractions combine to a roughly 4% chance that a given evolved NS-WD binary is part of a hierarchical triple. As there are currently ∼50 NS-WD systems known in Galactic-disk binaries, this simple estimate is consistent with the idea that PSR J1903+0327 is the first in such a triple. We do note that this formation scenario still faces the difficulty that thus far no other such systems with both a highly recycled pulsar and a wide-orbit very massive WD companion have been observed.
Two other probability arguments for the detection of this system are not directly related to the formation plausibility. First, for a system with masses 1.74, 1.05 and 0.9 M ⊙ , a relatively high inclination of the third star's orbit i > 45
• and some eccentricity in the outer orbit, the inner-binary eccentricity is higher than e = 0.44 for about 20% of the oscillation time (S28).
Second, for the line-of-sight acceleration from the third star to be less than our measuredṖ this third star must currently be close to plane of the sky, the a priori probability of which is ∼5%. Figure S1 : A χ 2 -map showing the 1 and 2-σ confidence regions for the total system mass (M tot ) and companion mass (M 2 ) based on the timing solution presented in Table 1 after doubling the nominal TEMPO errors. Those errors were within 20% of the bootstrap error estimates. The grey region in the lower right portion of the figure is excluded by the mass function. The grey lines show inclinations i of 70, 75, 80, and 85
• . For PSR J1903+0327, M tot is best constrained from the measurement of the relativistic advance of periastronω while M 2 is constrained by a measurement of sin i via the Shapiro delay (see Fig. 1 ).
